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Although electrocardiographic left ventricular hyper-
trophy is a recognized marker of disease severity in pa-
tients with chronic aortic regurgitation, the quantitative
relations of repolarization abnormalities and QRS volt-
age to measurements of cardiac structure and function
have not been established. The presence or absence of
the "strain" pattern of repolarization and QRS voltage
was compared with echocardiographic and radionuclide
cineangiographic findings in 95 adults with severe, pure,
chronic aortic regurgitation and no evidence of coronary
artery disease. In contrast to 54 patients with normal
repolarization, 41 patients with an abnormal repolari-
zation pattern had greater left ventricular end-diastolic
and end-systolic dimensions (7.2 ± 1.1 versus 6.6 ± 0.8
em, p < 0.002 and 5.2 ± 1.2 versus 4.4 ± 0.7, p <
0.001, respectively), greater left ventricular mass
(431 ± 138 versus 303 ± 89 g, P < 0.001), higher end-
systolic stress (128 ± 46 versus 95 ± 27 dynes-cm2.1o-',
p < 0.001), lower fractional shortening (28 ± 8 versus
34 ± 5%, p < 0.001) and lower exerciseejection fraction
(39 ± 11 versus 51 ± 8%, P < 0.001). Multiple logistic
regression analysis revealed that left ventricular mass
and end-systolic stress were independently related to the
presence of repolarization abnormalities (p < 0.005).
The rest electrocardiogram in aortic regurgitation has been
a subject of descriptive interest for decades (1-6) and has
been correlated with disease severity and survival (7-10)
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Among the 73 asymptomatic patients, those with nor-
mal repolarization had significantly lower prevalences
of fractional shortening <25% (1 of 45 versus 5 of 27,
p < 0.05), left ventricular systolic dimension >5.5 em
(1 of 45 versus 8 of 27, P < 0.05) and exercise left
ventricular ejection fraction <40% (2 of 39 versus 10 of
24, p < 0.05). Voltagewas lessstrongly related to cardiac
structure and function and did not modify inferences
based on repolarization findingsalone. During a 28 month
follow-up period of the initially asymptomatic patients,
symptoms developed in only 1 (3%) of 37 with persist-
ently normal repolarization but in 6 (24%) of 25 who
initially exhibited or later developed a strain pattern
(p < 0.03).
These data demonstrate that the strain pattern of
repolarization in aortic regurgitation is strongly asso-
ciated with markedly abnormal end-systolic wall stress,
left ventricular mass and left ventricular function.
Asymptomatic patients with chronic aortic regurgitation
and normal repolarization have a lowlikelihood of severe
functional and geometric abnormalities, whereas asymp-
tomatic patients who have abnormal repolarization have
a higher risk of ventricular dilation and dysfunction.
(J Am Coil CardioI1987;9:500-8)
and with operative outcome (11-14). The presence and ex-
tent of left ventricular hypertrophy by voltage criteria have
been the most prominently reported findings and correlates
of prognosis. Although the typical "strain" pattern of re-
polarization has been related to increased left ventricular
dimensions (9,12,15,16) and to diminished left ventricular
function (8,12,16), no quantitative analysis of these obser-
vations has been performed. To test the hypothesis that the
strain pattern of repolarization is associated with structural
and functional changes of potential prognostic value, we
examined electrocardiographic, echocardiographic and
radionuclide cineangiographic findings in symptomatic and
asymptomatic patients with pure aortic regurgitation. We
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Figure l. Lateral precordial electrocardiogra phic patterns of re-
polarization in chronic aortic regurgitation. A, Normal repolari-
zation; B, biphasic strain pattern; C, typical strain pattern.
were considered present if the sum of the S wave in lead
VI plus the greater R wave in lead V5 or V6 equaled or
exceeded 35 mm (Sokolow-Lyon voltage criteria) (20), or
if the sum of the R wave in lead aVL plus the S wave in
lead V, exceeded 20 mm in women or 28 mm in men
(Cornell voltage) (2 J). Repolarization abnormalities con-
sistent with left ventricular hypertrophy in leads V5 and V6
fell into two categories: I ) typical-a standard "strain"
pattern with a downsloping ST segment and an asymmetric,
inverted T wave without terminal positivity or a T wave
with terminal positivity not exceeding its negative compo-
nent in amplitude; and 2) biphasic-downsloping ST seg-
ment with an inverted T wave of at least 0.5 mm in am-
plitude. with terminal positivity exceeding the negative
component in amplitude (Fig. I). lnterobserver variability
was noted in the interpretationof one electrocardiogram and
was resolved by consensus opinion.
Echocardiography and radionuclide cineangiogra-
phy. At the time of initial evaluation all patients had M-
mode and two-dimensional echocardiograms from which
systolic and diastolic left ventricular dimensions, fractional
shortening. relative wall thickness and end-systolic stress
were measured and calculated according to previously re-
ported techniques (22,23). Left ventricular mass was cal-
culated according to the Penn convention (24). A close
correlation between antemortem echocardiographic left ven-
tricular mass by this method and necropsy left ventricular
mass ( r = 0.95. P < 0.001) was observed in our laboratory
in 18 patients with left ventricular dilation due to aortic
regurgitation or other causes. Left ventricular dimensions
could not be measured in one patient because of inadequate
recording quality. Two-dimensional echocardiographic
measurement of the mitral valve orifi ce (25) excluded sig-
nificant mitral stenosis in all patients.
Radionuclide cineangiograms f or determination of rest
and exercise left ventricular ejection fraction were per-
formed according to methods analogous to those previously
CB
further compared the value of voltage criteria and the strain
pattern of repolarization for the prediction of structural and
functional abnormalities.
Methods
Study patients. The study group was drawn from 104
patients with pure aortic regurgitation entered consecutively
into a longitudinal study of the natural history of valvular
regurgitation. All patients met the following criteria for
hemodynamically significant aortic regurgitation: pulse
pressure 2::50% of systolic blood pressure, collapsing ar-
terial pulses, decrescendo high frequency early diastolic
murmur and echocardiographic evidence of left ventricular
volume overload as evidenced by chamber enlargement be-
yond the 97th percentile of values in 225 normal subjects
(end-diastolic diameter > 59 mm in men and > 55 mm in
womenor, when corrected forbody surface area. > 32 mm/rrr')
(17). Presence of severe (3+ to 4 + /4 +) aortic regurgi-
tation was confi rmed in the 56 patients who underwent left
heart catheterization (18). No patient had clinical, echo-
cardiographic or catheterization evidence of more than mild
aortic stenosis (transaortic gradient < 20 mm Hg in all pa-
tients) or coexistent mitral valve disease.
Of the 85 men and 19 women. whose average age was
46 ± 15 years (range 16 to 72), 4 patients with potentially
hemodynamically important coronary artery disease (lu-
minal narrowing > 50%) found serendipitously at cardiac
catheterization were excluded from further analysis. as were
4 patients with left bundle branch block (QRS duration 2:: 120
rns, absence of septal Q waves and monophasic R wave in
the lateral leads) and I patient with a permanent ventricular
demand pacemaker. Of the remaining 95 patients, the ab-
sence of coronary artery disease was confi rmed by coronary
angiography in 40. There was no history of typical angina
in the other 55 patients, 26 of whom were less than 40 years
old. including 7 who underwent cardiac catheterization without
coronary angiography. On entry into the study. 73 patients
were considered asymptomatic or minimally symptomatic
and 22 were considered symptomatic (New York Heart As-
sociation functional class II or greater). Four patients were
included in analysis who were taking digitalis at the time
of initial evaluation; each had repolarization changes with
deeply inverted T waves that were not typical of digitalis
effect. In 21 patients digitalis therapy was discontinued 3
to 7 days before study. Data were stratifi ed for possible
residual digitalis effect.
Rest electrocardiography. A supine 12 lead electro-
cardiogram was obtained in all patients on entry into the
study with use of multichannel recorders that met or ex-
ceeded frequency response standards of the American Heart
Association (19). Voltages of R and S waves in limb and
precordial leads were measured to the nearest millimeter
(0. 1 mV); voltage criteria for left ventricular hypertrophy
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Table l. Rest Electrocardiographic Findings in 95 Patients with
Chronic Aortic Regurgitation
Figure 2. Relation of voltage and repolarization changes in 95
patients with chronic aortic regurgi tation. Left ventricular hyper-
trophy (LYH) voltage isdefinedaccordingto either Sokolow-Lyon
(20) or Cornell (21) criteria (see text). Repolarization changes
incl ude either typicalor biphasic strai npatterns illustrated inFigure
I. The number of patients (and % of total group) with each com-
bination of findings is shown ineach box. LYH = left ventricular
hypertrophy; - and + = absence and presence of findings. re-
spectively.
As noted, the nine patients with major conduction ab-
normalities or coronary artery disease were excluded from
further analyses. Of the 95 patients considered in subsequent
analyses. repolarization was normal in 54. whereas repo-
larization patterns consistent with left ventricular hyper-
trophic" strain" were typical in 29 patients and biphasic in
12 patients. Voltage criteria for left ventricular hypertrophy
were met in 65 (68%). Thirty-five patients met only So-
kolow-Lyon voltage criteria and four patients met only Cor-
nell voltage criteria. An additional 26 patients met both
voltage criteria for Icft ventricular hypertrophy. Patients
with either a typical strain or a biphasic repolarization pat-
tern were more likely to have coexistent voltage criteria for
left ventricular hypertrophy (35 [85%1of 41 versus 31 [57%J
of 54; p < 0.007) (Fig. 2).
Geometric and functional findings in electrocardio-
graphic subgroups. The geometric and functional findings
in patients with aortic regurgitation, stratified according to
94 (99)
I ( I)
9 (9)
35 (37)
4 (4)
65 (68)
30 (32)
54 (57)
29 (31)
12 (13)
No. of
Patients (%)
6 (6%)1 23 (240Al)
+ 31 (33%) 35 (37%)
LVH
Voltage
' Three of the nine patients were taking digitalis.
Electrocardiographic
Finding
Rhythm
Normal sinus
Atrial fibrillation
First degree atrioventricular block'
Repolarizalion pattern
I. Normal repolarization
2. Typical strain pattern
3. Biphasic strain pattern
Voltage criteria for left ventricular hypertrophy
I. Sokolow-Lyon (20) voltage criteria only
2. Cornell (21) voltage criteria only
3. Either voltage criterion
4. Neither voltage criterion
Results
Rest electrocardiogram in aortic regurgitation. Rest
electrocardiographic findings in the total patient group with
aortic regurgitation, after exclusions, are summarized in
Table I . Before exclusions. all but three patients had normal
sinus rhythm. One patient had a permanent pacemaker be-
cause of asymptomatic acquired complete heart block. and
two patients had atrial fibrillation; the latter two patients
underwent cardiac catheterization and neither had evidence
of coexistent mitral valve disease. First degree atrioven-
tricular block (PR interval exceeding 200 ms) was present
in nine patients (9%). Right bundle branch block was present
in one patient and left bundle branch block in four (4%).
described (26); these data were unavailable in 12 patients.
In the 95 patients analyzed further in the present report,
neither two-dimensional echocardiography nor rest or ex-
ercise radionuclide cineangiography revealed segmental left
ventricular wall motion abnormalities suggestive of isch-
emic disease (other than apical hypokinesia, common in
patients with aortic regurgitation, that was not considered
indicative of coronary disease).
Data analysis and statistical methods. Mean values are
presented with the standard deviation as the index of dis-
persion. Patients were classified into subgroups according
to repolarization pattern and voltage criteria of left ventric-
ular hypertrophy. Subgroup prevalences of previously re-
ported descriptors of poor operative outcome in terms of
left ventricular function or decreased survival were com-
pared using chi-square analysis with Yates' correction when
applicable. Partition values for subgroup comparison were
I) fractional shortening < 25%. previously reported to be
associated with poor postoperative survival (13,27); 2) left
ventricular end-systolic diameter > 55 rnm , similarly as-
sociated with poor postoperative survival (13, 14,2 7); 3) left
ventricular ejection fraction < 45% at rest and < 40% during
exercise (both associated with subnormal left ventricular
performance after operation [28]); and 4) relative wall thick-
ness < 0.27, previously associated with persistent postop-
erative ventricular dilation (29) . The relation between con-
tinuous variables was tested by linear regression analysis.
Multiple logistic regression analysis (30) was used to assess
the relative strength and statistical independence of corre-
lations between electrocardiographic rcpolarization abnor-
malities and measures of left ventricular structure and func-
tion. Differences among groups with normal repolarization,
biphasic strain and typical strain were tested by multiple
comparison using the unpaired t test: to avoid inferences
due to multiple-look findings based on three-way compar-
ison, a probability (p) value of < 0.0 16(0.05/3) was required
for rejection of the null hypothesis. For mean differences
between two groups, for linear regression of two variables
and for logistic regression analysis, p values of < 0.05 were
required.
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Table 2. Geometric and Functional Findings in 95 Patients With Aortic Regurgitation. Stratified According to
Repolarization Pattern*
Repolarization Pattern
A. Normal B. Biphasic C. Typical
Repolarization Strain Strain
(n = 54) (n = 12) (n = 29)
Left ventricular end-diastolic 6.6 ± 0.8 <0.002t 7.4 ± 1.0 NS:j: 7.1 ± \.I <0.013§
dimension (cm)
Left ventricular end-systolic 4.4 ± 0.7 <O.OOlt 5.3 ± 1.1 NS:j: 5.2 ± 1.3 <0.001§
dimension (ern)
Fractional shortening (%) 34 ± 5 <O.Olt 29 ± 5 NS:j: 28 ± 8 <0.001§
Posterior wall thickness (ern) 1.0 ± 0.1 NSt 1.0 ± 0.1 <0.004:j: 1.2 ± 0.2 <0.001§
Interventricular septum (ern) 1.1 ± 0.2 NSt 1.0 ± 0.2 <0.01:j: 1.3 ± 0.3 <0.001§
Relative wall thickness 0.30 ± 0.05 NSt 0.27 ± 0.05 <0.015:j: 0.34 :':: 0.07 <0.01§
Left ventricular mass (g) 303 ± 89 <0.013t 378 ± 94 NS:j: 453 ± 147 «o.oou
End-systolic stress 95 :':: 27 <O.OOlt 132 ± 40 NS:i: 126 ± 48 <0.001§
(dynes-crrr-TG')
Left ventricular rest ejection 51 ± 7 <O.OOlt 43 ± II NS:j: 46 ± 12 NS§
fraction (%)
Left ventricular exercise ejection 51 ± 8 <0.00lt 36 ± 9 NSj: 40 ± 12 <0.001§
fraction (%)
Change in ejection fraction (%) o ± 6 <0.002t -7 ± 4 NS:j: -7 ± 5 <0.001§
Voltage criteria for LVH 56 NSt 67 NS:j: 86 NS§
present (%)
Systolic blood pressure (mm Hg) 137 ± 22 NSt 142 ± 16 NS:j: 153 ± 17 <0.002§
*Data are expressed as mean:':: SO. Probability values: tA versus B; :j:B versus C; §A versus C. LVH = left ventricular hypertrophy.
repolarization pattern, are shown in Table 2. Between the
groups with and without repolarization changes there were
highly significant differences in ventricular internal dimen-
sions, fractional shortening, relative wall thickness, absolute
wall thickness, left ventricular mass, end-systolic stress and
radionuclide left ventricular rest and exercise ejection frac-
tions. Patients with typical strain and those with a biphasic
repolarization pattern were similar with respect to most func-
tional and geometric variables. However, patients with the
typical strain pattern had a significantly higher left ventric-
ular wall thickness and higher relative wall thickness than
did patients with biphasic repolarization. Functional and
geometric differences between patients with normal and ab-
normal (typical or biphasic strain) repolarization patterns
remained significant when analysis was limited to only the
40 patients with angiographically documented normal coro-
nary arteries.
Voltage versus repolarization abnormalities. The rela-
tion of Cornell voltage and Sokolow-Lyon voltage criteria
of hypertrophy to geometric findings in patients with aortic
regurgitation is shown in Table 3. For each set of criteria,
moderate linear correlation was found with left ventricular
mass and with left ventricular dimensions in systole and
diastole. When patients were classified according to the
presence or absence of voltage criteria for hypertrophy,
rather than according to repolarization changes, only left
ventricular dimensions (diastolic: 7.1 ± 1.0 versus 6.3 ±
0.6 cm, p < 0.001; systolic: 4.9 ± 1.1 versus 4.3 ± 0.6
em, p < 0.01) and mass (386 ± 134 versus 298 ± 92 g,
P < 0.005) were significantly different between groups. In
Table 3. Geometric Correlates of Electrocardiographic Voltage
Cornell Voltage (21)*
p Value
Sokolow-Lyon Voltage (20)t
p Value
Left ventricular mass
Left ventricular end-diastolic
dimension
Left ventricular end-systolic
dimension
End-systolic stress
Posterior wall thickness
Interventricular septum
0.56
0.49
0.50
0.21
0.37
0.25
<0.()()()5
<0.0005
<0.0005
<0.03
<0.0005
<0.01
0.48 <0.0005
0.54 <0.0005
0.45 <0.0005
0.21 <0.03
0.28 <0.005
0.02 NS
*RaVL + SV,; tsv, plus the larger of RV, or RV".
504 ROMAN ET AI..
REPOLARIZATION ABNORMALITIES IN AORTIC REGURGITATION
T a ble 4. Geometric and Functional Findings in 70 Patients With Aortic Regurgitation , Stratified
According to Repolarization Findings , Excluding All Patients With C urrent or Recent
Digitalis Use
lACC Vol. 9, No. 3
March 1987:500-8
Left ventricular end-diastolic
dimension (em)
Left ventricular end-systolic
dimension (em)
Fractional shortening (% )
Left ventricular mass (g)
End-systolic stress
(dynes-cm--Ju')
Left ventricular rest eject ion
fraction (%)
Left ventricular exercise
ejection fraction (%)
Normal Abnormal Repolarization
Repolarization (biphasic or typical strain)
(n = 49) P Value (n ~ 21)
6.6 ± 0.7 < 0.003 7.3 ± 1.1
4 .3 ± 0.6 < O.lJO I 5.3 ± 1.1
34 ± 5 < 0. 00 1 28 ± 5
303 ± 88 < 0. 00 1 442 ± 146
94 ± 23 < 0 .003 123 ± 41
51 -+: 7 < 0.05 46 :!: 10
5 1 ± 9 < 0.00 1 40 ± I I
addition, when patients with an abnormal repolarization pat-
tern were further classified according to the presence or
absence of voltage criteria for left ventricular hypertrophy ,
no significant differences between subgroups were found.
Of particular note, left ventricular mass was significantly
greater (431 ± 138 g) in patients with repolarization ab-
normalities irrespectiveof the presenceor absenceof voltage
criteria for left ventricular hypertrophy than in patients who
exhibited high voltage with normal repolarization (325 ±
86 g, p < 0,(01) , Thus repolarization changes were more
strongly related to both left ventricular hypertrophy and
dysfunction than were voltage criteria for left ventricular
hypertrophy,
Role of digitalis , A possible residual effect of digitalis
in 21 patients did not explain these fi ndings, All differences
based on the presence or absence of repolarization abnor-
malities for the total group were also found when patients
without recent digitalis use were compared according to
rcpolarization findings (Table 4). Further, within patient
groups with and without repolarization changes, there were
no significant differences in mean values for functional and
geometric variables when patients were subgrouped ac-
cording to the presence or absence of recent digitalis use,
Symptom status , Although patients with a typical strain
pattern tended to have a higher prevalence of symptoms 2:'.:
functional class 2 (II [38%] of 29) than did patients with
Table 5. Geometric and Functional Findings in 95 Patients With Aort ic Regurgitatio n , Stratified According to Symptom Status and
Repolarization Pallern
Asymptomatic Symptomatic
Abnormal Abnormal
Repolarization Repolarization
Normal (biphasic or Normal (biphasic or
Repolarization typical stra in) Repolarization typical strain)
(n = 46 ) (n = 26) (n = 8) (n = 15)
Left ventricular end-diastolic 6 .6 :!: 0 .7 P < 0.003 7.1 :': 1.2 6.4 :': 1.0 P < 0.05 7.4 :!: 0 .9
dimension (cm)
Left ventricular end-systolic 4.3 :!: 0.6 P < 0 .004 5.0 .±. 1.3 4.7 :!: 0. 8 P < 0 .04 5.6 ± 0 .9
dimension (ern)
Fractional shortening (%) 35 ± 5 p < 0 .01 30 ± 8 28 ± 4 p = NS 25 ± 5
Left ventricular mass (g) 305 ± 89 p < 0.001 418 .±. 12 1 292 ± 86 p < 0.02 454 + 160
End-systolic stress 93 ± 28 p < 0 .01 122 :!: 54 107 ± 19 p < 0.02 137 i. 26
(dynes-em" 10')
Left ventricular rest eject ion 52 :!: 7 P = NS 47 :!: 13 48 :!: 8 P = NS 42 ± 8
fraction (% )
Left ventricular exercise 52 :!: 8 P < 0 .001 40 :!: 12 46 ± 8 p < 0.04 36 :!: 8
ejection fraction (%)
Change in ejection fraction I ± 6 p < 0.001 -7 ± 6 -2 ± 3 p < 0.04 - 6 ± 4
(%)
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Table 6. Prevalence of Potentially Adverse Prognostic Descriptors in 95 Patients With Aortic Regurgitation Stratified According to
Repolarization Pattern
Repolarization Pattern
A, Normal B, Biphasic C, Typical
Repolarizatioh "Strain" "Strain"
(n = 54) (n = 12) (n = 29)
Fractional shortening 3 of 53 (6%) NS* 2 of 12 (17%) Nst 10 of 29 (34%) <0.002:j:
<25%
Left ventricular end-systolic 2 of 53 (4%) <0.05* 3 of 11(27%) NSt II of 29 (38%) <0.0002+
dimension >55 min
Left ventricular rest 7 of 46 (15%) NS* 4 of 10 (40%) NSt II of 27 (41%) «L04:j:
ejection fraction <45%
Left ventricular exercise 5 of 46 (11%) <0.02* 6 of 10 (60%) NSt 12 of 27 (44%) <0.003:j:
ejection fraction <40%
Relative wall thickness 12 of 52 (23%) <0.04* 7 of 12 (58%) «o.ozr 4 of 29 (14%) NS:j:
<0.27
Probability values: *A versus B; tB versus C; :j:C versus A.
the biphasic (3 125%] of 12) or normal repolarization (8
[15%] of 54) pattern, symptom status alone did not predict
the findings provided by stratification according to electro-
cardiographic repolarization. Functional and geometric vari-
ables were significantly different when either symptomatic
or asymptomatic subgroups were separated according to
repolarization findings (Table 5; patients with typical and
biphasic strain patterns combined as abnormal repolarization
subgroups) .
Determinants of repolarization pattern, Use of the mul-
tiple logistic regression method revealed that end-systolic
stress (p < 0.005) and left ventricular mass (p < 0.00 I)
were strongly and independently related to repolarization
changes in the total group. In a further analysis in which
the wall thickness and chamber dimension components of
ventricular mass were entered separately, posterior wall
thickness (p < 0.0005) was shown to be the only compo-
nent with an independent relation to repolarization changes.
Prevalence ofpotentially adverse prognostic descriptors.
The prevalence of previously reported noninvasive predic-
tors of poor operative outcome in terms of either survival
or left ventricular function (13,14,27-29) is shown in Table
6 for patients with and without repolarization changes. Pa-
tients with a typical strain pattern were more likely to have
fractional shortening <0.25, left ventricular end-systolic
dimension >55 mm, rest left ventricular ejection fraction
<45% and exercise left ventricular ejection fraction <40%,
than were patients with normal repolarization. There were
no significant differences in subgroup prevalence of pre-
dictors of poor outcome between patients with typical strain
and those with biphasic strain, other than that found for
relative wall thickness. Further stratification of patients based
on presence or absence of voltage criteria for left ventricular
hypertrophy did not significantly alter the findings. When
only asymptomatic or minimally symptomatic patients were
considered, patients with repolarization changes were again
more likely to have potentially adverse descriptors (Ta-
ble 7).
Relation of abnormal repolarization to subsequent
symptom development. There were 62 patients with no
symptoms at entry for whom valve replacement was not
recommended after initial evaluation and who have been
followed up prospectively for a mean of 28 months (range
5 to 50). In this group, 21 had repolarization abnormalities
as defined earlier and 41 had normal repolarization. Of the
asymptomatic patients with normal repolarization at entry,
37 of 41 had no electrocardiographic changes and 4 devel-
oped repolarization changes during the follow-up period.
None of the patients with abnormal repolarization on the
initial electrocardiogram demonstrated normal repolariza-
tion on subsequent annual electrocardiograms.
The presence of repolarization changes at entry or their
development in initially asymptomatic patients identified
individuals at increased risk of subsequent development of
clearly evident effort-related dyspnea (which led in all in-
stances to prompt valve replacement). Among the 62 ini-
tially asymptomatic patients, 6 (24%) of the 25 with re-
polarization abnormalities (either at entry or developing during
follow-up) became symptomatic, compared with I (3%) of
the 37 with persistently normal repolarization (p < 0.03)
(Fig. 3).
Discussion
Repolarization Changes in Aortic Regurgitation
Predictors of left ventricular dysfunction and poor
postoperative outcome. The significance of the "strain"
pattern of repolarization found in patients with aortic re-
gurgitation has not been systematically evaluated previ-
ously. A simple, easily applied definition of left ventricular
strain was formulated for the present study, which effec-
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Table7. Prevalence of Potentially Adverse Prognostic Descriptors in 73 Asymptomatic or Minimally Symptomatic Patients With
Aortic Regurgitation, Stratified According to Repolarization Pattern
Repolarization Pattern
A. Normal
Repolarization B. Biphasic Strain C, Typical Strain
(n = 46) (n = 9) (n = 18)
Fractional shortening I of 45 (2%) NS* 2 0f9 (18%) NSt 3 of 18 ( 17%) NSt
< 25%
Left ventricular end-systolic I of 45 (2%) < 0.02* 3 of 9 (33%) NSt 5 of 18 (28%) «o.oose
dimen sion >55 mm
Left ventricul ar rest 3 of 40 (8%) < 0. 05* 3 of 7 (43%) NSt 4 of 17 (24%) NSt
ejecti on fraction < 45%
Left ventricular exercise 2 of 39 (5%) < 0.0009* 5 of 7 (7 1%) NSt 5 of 17 (29%) < 0.05t
ejection fraction < 40%
Relative wall thickness II of 46 (24%) NS* 4 of 9 (44%) NSt 2 of 17 (12%) NSt
<0.27
Probability values: *A versus B; t B versus C; t c versus A.
tively separated patients with aortic regurgitation into dis-
tinct subgroups. Patients with a typical strain pattern were
different from patients with normal repolarization in mean
values of all echocardiographic and radionucl ide ventricu-
lographicvariablesexamined. Functional and geometric dif-
ferences betweensubgroupswith and without repolarization
abnormalities remained significant when patients were sep-
arated according to the presence or absence of symptoms.
However, considerable overlap was present among groups.
The smaller subgroup of patients with a biphasic strain pat-
tern, which might represent a stage of emergence of the
typical strain pattern, did not differ significantly in most
anatomic and functional findings from those with typical
strain.
More important than mean differences, the presence or
absence of repolarization changes identified patient subgroups
with high and low prevalences of previously reported pre-
dictors of poor operative outcome and decreased survival
(13,14,27- 29). Although the prognostic applicability of these
variables has been questioned (31,32) and they have yet to
be uniformly accepted as predictors of poor postoperative
outcomein aortic regurgitation, they undoubtedly reflect the
presenceof important abnormalities of left ventricular func-
tion.
Because recognition of occult ventriculardysfunction in
asymptomatic aortic regurgitation currently requires expen-
sive noninvasive screeningby echocardiographic- and radio-
nuclide-based methods, the benign short-term natural his-
tory of the asymptomatic patient with normal repolarization
may be a clinically useful finding . Moreover, normal re-
polarization in asymptomatic patients with aortic regurgi-
tation makes severe geometric and functional abnormalities
highly unlikely. Regardless of the presence or absence of
increased voltage , these patients appear to be at low risk of
potentially prognostically important left ventricular dys-
function. However, this risk requires further prospective
evaluation , and the independent prognostic value of repo-
larization findings in relation to operative outcome remains
to be tested.
Mechanisms of abnormal repolarization. The mech-
anism underlying abnormal repolarization in some patients
withchronic aortic regurgitation is not established, although
NormalRepolarizalion
(n = 41)
Mean follow-up
28 months
Typical or Biphuic
"Strain Paltern'
(n =21)
Mean follow-up
26 months
Figure 3. Relation of repolaritation pattern to short-
term clinical course in 62 initially asymptomatic pa-
tients with chronic aortic regurgitation. Pltraistence 01Normal Repolarizalion
(37)
Development of
Abnormal Repolarization
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a strong association between the strain pattern and increased
left ventricular mass in abnormal pressure-loading condi-
tions such as aortic stenosis and systemic hypertension has
been well recognized (16,33), In a computer-generated model
of myocardial hypertrophy, cellular hypertrophy was found
to increase voltage and to flatten or reverse the T wave (34),
In humans, severe volume loading may result in subendo-
cardial ischemia, Factors such as increased ventricular mass,
internal dimension and systolic pressure, and decreased di-
astolic pressure, which tend to favor myocardial ischemia
by augmenting myocardial oxygen demand and decreasing
transmural myocardial perfusion (35), are all present in sig-
nificant aortic regurgitation. Left ventricular mass, internal
dimensions and systolic pressure were each substantially
higher in our patients with strain patterns than in those with
normal repolarization, suggesting that an imbalance between
myocardial oxygen supply and demand may playa role in
the pathogenesis of repolarization abnormalities in aortic
regurgitation. This is further supported by the strong and
independent relation of left ventricular mass and end-sys-
tolic stress to the presence of repolarization abnormalities.
Moreover, reduction in coronary flow reserve has recently
been demonstrated (36) in some patients with chronic aortic
regurgitation even when rest coronary flow is increased, and
this reduction in coronary reserve has been correlated with
increasing left ventricular mass.
Voltage Changes in Aortic Regurgitation
Prognostic significance. Voltage changes suggestive of
left ventricular hypertrophy are common in aortic regurgi-
tation and have been generally appreciated for decades.
Langley (7) observed in 1921 that "left-sided preponder-
ance" on the electrocardiogram was associated with a poor
clinical outlook. Spagnuolo et al. (8) noted that the presence
or development of electrocardiographic abnormalities sug-
gesting severe left ventricular hypertrophy was associated
with decreased survival and an increased likelihood of
congestive failure and angina in patients with aortic regur-
gitation due to rheumatic heart disease. Extreme left ven-
tricular hypertrophy has also been associated with an in-
creased likelihood of requiring aortic valve replacement ( 10)
and with increased preoperative (12) and postoperati ve (II)
mortality. On the other hand, Henry et at. (13) found that
the Romhilt-Estes point score was not predictive of operative
or postoperative mortality in symptomatic patients undergo-
ing aortic valve replacement.
Predictors of left ventricular dysfunction. The geo-
metric and functional correlates of electrocardiographic left
ventricular hypertrophy in chronic aortic regurgitation have
received only modest attention, and these observations have
focused on voltage rather than repolarization. Goldschlager
et al. (4), examining Sokolow-Lyon voltage, found no cor-
relation between left ventricular hypertrophy and roentgen-
ographic cardiomegaly. Enghoff (9) found increasing volt-
age to correlate with progressive increases in angiographically
determined left ventricular end-diastolic volume and wall
thickness, and Carroll et al. (37) demonstrated both pre-
and postoperative correlations between Sokolow-Lyon volt-
age and echocardiographic left ventricular mass. The mod-
erate correlations found in our present study between either
Sokolow-Lyon or Cornell voltages criteria and left ventric-
ular mass and internal dimensions are consistent with these
observations. Weaker correlations were found between volt-
ages and end-systolic stress and wall thicknesses. Thus,
when our entire patient group was classified according to
the presence or absence of either set of voltage criteria, only
internal dimensions and left ventricular mass were signifi-
cantly different between subgroups.
Conclusions. The presence or absence of repolarization
changes on the resting electrocardiogram in chronic, pure,
severe aortic regurgitation provides important insight into
underlying left ventricular structure and function. Moreover,
asymptomatic patients with normal repolarization have a
very low likelihood of severe left ventricular functional and
geometric abnormalities. The prognostic value of these ob-
servations requires further evaluation.
We thank Joan Sabba for assistance in the preparation of this manuscript.
References
I. Cabrera C. Monro} JR. Systolic and diastolic loading of the heart.
II. Electrocardiographic data. Am Heart J 1952;43:669-86.
2. Segal 1. Harvey WP. Hufnagel C. A clinical study of one hundred
cases of severe aortic insufficiency. Am J Med 1956;21 :200-10.
3. Singer DH, Perloff JK. Electrocardiogram of free aortic insufficiency.
Circulation 196226:786-7.
4. Goldschlager N. Pfeifer J. Cohn K. Popper R. Selzer A. The natural
history of aortic regurgitation. A clinical and hemodynamic study.
Am J Med 1973;54:577 -88.
5. Thompson R. Mitchell A. Ahmed M, Towers M. Yacoub M. Con-
duction defects 10 aortic valve disease. Am Heart J 1979:98:3-10.
6. Robert, We. Day PJ. Electrocardiographic observation, in clinically
r-olated pure, chronic. severe aortic regurgitation: analysis of 30 nee-
rop,y patient, aged 19 to 65 years. Am J Cardiol 1985:55:431-8.
7. Langley GJ. Aortic incompetence: a clinical study. Lancet 1921:
2: 1209-12.
8. Spagnuolo M, Kloth H. Taranta A. Doyle E. Pasternack B. Natural
history of rhcurnanc aortic regurgitation. Criteria predictive of death,
congestive heart failure. and angina in young patients. Circulation
1971;44:36X-XO.
9. EnghotT E. Aortic incompetence. Clinical, hemodynamic and angio-
cardiographic evaluation. Acta Med Scand Suppl 1972;538:35-143.
10. Henry WL, Bonow RO. Rosing DR. Epstein SE. Observations of the
optimum time for operative Intervention for aortic regurgitation. II.
Serial echocardiographic evaluation of asymptomatic patients. Cir-
culation 1980:61:484 -92.
II. Hirshteld JW. Epstein SE. Robert, AJ. Glancy DL. Morrow AG.
Indices predicting long-term survival after valve replacement in pa-
ticnts with aortic regurgitation and patientx with aortic stenosis. Cir-
culation 1974:50:1190-9.
508 ROMAN ET AL.
REPOLARIZATION ABNORMALITIES IN AORTIC REGURGITATION
lACC Vol. 9, No.3
March 1987:500-8
12. Smith HJ, Neutze JM, Roche AHG, Agnew TM, Barratt-Boyes BG.
The natural history of rheumatic aortic regurgitation and the indications
for surgery. Br Heart J 1976;38:147-54.
13. Henry WL, Bonow RO, Borer JS, et al. Observation on the optimum
time for operative intervention for aortic regurgitation. I. Evaluation
of the results of aortic valve replacement in symptomatic patients.
Circulation 1980;61:471-83.
14. Stone PH, Clark RD, Goldschlager N, Selzer A, Cohn K. Determi-
nants of prognosis of patients with aortic regurgitation who undergo
aortic valve replacement. J Am Coli Cardiol 1984;3:1118-26.
15. Harrison CV, Wood P. Hypertensive and ischaemic heart disease. Br
Heart J 1949; II :205-29.
16. Devereux RB, Reichek N. Repolarization abnormalities of left ven-
tricular hypertrophy. Clinical, echocardiographic and hemodynamic
correlates. J Electrocardiol 1982;15:47-54.
17. Devereux RB, Lutas EM, Casale PN, et al. Standardization of M-
mode echocardiographic left ventricular anatomic measurements. J
Am Coli Cardiol 1984;4:1222-30.
18. Grossman W. Cardiac Catheterization and Angiography. 2nd ed. Phil-
adelphia: Lea & Feibiger, 1980:205.
19. Pipberger HV, Arzbaecher RC, Berson AS, et al. Recommendations
for standardization of leads and specifications for instruments in elec-
trocardiography and vectorcardiography. Circulation 1975;52:11-21.
20. Sokolow M, Lyon TP. The ventricular complex in left ventricular
hypertrophy as obtained by unipolar precordial and limb leads. Am
Heart J 1949;37: 161-86.
21. Casale PN, Devereux RB, Kligfield P, et al. Electrocardiographic
detection of left ventricular hypertrophy: development and prospective
validations of improved criteria. J Am Coli Cardiol 1985;6:572-80.
22. Devereux RB, Savage DD, Sachs I, Laragh JH. Relation of hemo-
dynamic load to left ventricular hypertrophy and performance in hy-
pertension. Am J Cardiol 1983;51:171-6.
23. Reichek N, Devereux RB. Reliable estimation of peak left ventricular
systolic pressure by M-mode echographic determined end-diastolic
relative wall thickness: identification of severe valvular aortic stenosis
in adult patients. Am Heart J 1982;103:202-9.
24. Devereux RB, Reichek N. Echocardiographic determination of left
ventricular mass in man. Anatomic validation of the method. Circu-
lation 1977;55:613-8.
25. Lutas EM, Devereux RB, Borer JS, Goldstein JE. Echocardiographic
evaluation of mitral stenosis: a critical appraisal of its clinical value
in detection of severe stenosis and of valvular calcification. J Car-
diovasc Ultrasonogr 1983;2:131-9.
26. Borer JS, Bacharach SL, Green MV, et al. Real-time radionuclide
cineangiography in the noninvasive evaluation of global and regional
left ventricular function at rest and during exercise in patients with
coronary artery disease. N Engl J Med 1978;296:839-44.
27. Huxley RL, Gaffney FA, Corbett JR, et al. Early detection of left
ventricular dysfunction in chronic aortic regurgitation as assessed by
contrast angiography, echocardiography, and rest and exercise scin-
tigraphy. Am 1 Cardiol 1983;51:1542-50.
28. Borer JS, Rosing DR, Kent KM, et al. Left ventricular function at
rest and during exercise after aortic valve replacement in patients with
aortic regurgitation. Am 1 Cardiol 1979;44:1297-305.
29. Gaasch WH, Carroll JD, Levine HJ, Criscitiello MG. Chronic aortic
regurgitation: prognostic value of left ventricular end-systolic dimen-
sion and end-diastolic radius/thickness ratio. J Am Coli Cardiol
1983;3:775-82.
30. Dixon WJ, Brown MB, Engelman L, et al. BMDP Statistical Software.
Berkeley: University of California Press, 1983:330-45.
31. Fioretti P, Roelandt 1, Bos RJ, et al. Echocardiography in chronic
aortic insufficiency: is valve replacement too late when left ventricular
end-systolic dimension reaches 55 mrn? Circulation 1983;67:216-21.
32. Daniel WG, Hood WP, Siart A, et al. Chronic aortic regurgitation:
reassessment of the prognostic value of preoperative left ventricular
end-systolic dimension and fractional shortening. Circulation
1985;71:669-80.
33. Beach C, Kenmure ACF, Short D. Electrocardiogram of pure left
ventricular hypertrophy and its differentiation from lateral ischemia.
Br Heart 1 1981;46:285-9.
34. Thiry RS, Rosenberg RM. Abbott JA. A mechanism of the electro-
cardiogram response to left ventricular hypertrophy and acute isch-
emia. Circ Res 1975;36:92-104.
35. Hoffman JlE. Determinants and prediction of transmural myocardial
perfusion. Circulation 1978;58:381-91.
36. Pichard AD, Smith H, Holt J, Meller J, Gorlin R. Coronary vascular
reserve in left ventricular hypertrophy secondary to chronic aortic
regurgitation. Am J Cardiol 1983;51:315-20.
37. Carroll JD, Gaasch WH, Naimi S, Levine HJ. Regression of myo-
cardial hypertrophy: electrocardiographic-echocardiographic correla-
tions after aortic valve replacement in patients with chronic aortic
regurgitation. Circulation 1982;65:980-7.
